Protein targeting across the three membranes of the Euglena chloroplast envelope.
A system has been developed for the import in vitro of precursor proteins into Euglena chloroplasts, which have three envelope membranes. Preparation of functional chloroplasts with intact envelope membranes has been optimized. Import of the precursor (50 kDa) for the tetrapyrrole biosynthesis enzyme porphobilinogen deaminase (PBGD), and processing to the mature size (40 kDa), occurred at 25 degrees C in the light and the presence of ATP, with an estimated efficiency of 62%. Pretreatment of the chloroplasts with proteases abolished this import, suggesting the involvement of specific protein receptors. The presequence of PBGD was found to be cleaved by Escherichia coli leader peptidase to an intermediate form (46 kDa). A construct in which the first 30 residues of the presequence (presumed to be the region removed by leader peptidase) had been deleted was no longer imported. Neither prePBGD nor the truncated precursor were imported into pea chloroplasts, although both bound to the pea chloroplast envelope. Conversely, a chimeric construct, in which the mature PBGD protein was fused downstream of the transit peptide for pea ferredoxin-NADP reductase, was efficiently imported into pea chloroplasts and processed to the mature size. However, this was not imported into Euglena chloroplasts, although again it bound to them. These results provide preliminary evidence for the possibility of two functional domains within the Euglena PBGD presequence. The implications of these findings with respect to the evolution of Euglena chloroplasts are discussed.